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FABRICATOR CAPACITY 
ANALYSIS 

Background of the Invention 

[0001] Technical Field 

[0002] The present invention relates generally to fabricator capacity analysis, and more 
particularly, to a system and method for simplified fabricator capacity analysis. 

[0003] Related Art 

[0004] Fabricator capacity analysis is a very time-consuming and complex process. This 
is especially the case for a multi-technology, multi-part semiconductor fabricator. 
Current systems and methods evaluate the entire fabricator using very complex 
processing that considers practically every tool set within a fabricator, and a myriad of 
what-ifs. 
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p [0005] Unfortunately, for larger semiconductor manufacturers, market dynamics and 
sVr strategies require quicker decision making. For example, a quick determination is 

advantageous in deciding how best to use capacity to maximize profitability between 
products with different profit margins, technology complexities and capacity 
implications 

[0006] In view of the foregoing, there is a need in the art for a system, method and 
program product for analyzing fabricator capacity in a simplified manner. 

Summary of the Invention 

[0007] 

A first aspect of the invention is directed to a method of determining fabricator 
capacity for a wafer start loading over a set time period, the wafer start loading having 
a number of wafer starts, the method comprising the steps of: a) determining a 
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common tool set capacity by dividing wafer starts that use common non-key shared 
tool sets by an overall capacity parameter, wherein the overall capacity parameter is 
based on a strategic characteristic wafer start loading; b) determining a technology 
capacity by dividing the wafer starts of each technology within the wafer start loading 
by a corresponding unique tool set capacity for the respective technology; and c) 
determining key shared tool set capacity by: i) determining a capacity consumption 
factor for each key shared tool set used by at least one process; ii) determining a 
capacity consumption of each key shared tool set used by a process of the wafer start 
loading; iii) decreasing a remaining capacity value for each key shared tool set used by 
the process of the wafer start loading by a corresponding capacity consumption; iv) 
repeating steps ii) and iii) for each process of the wafer start loading; and v) 
determining the amount of wafer start capacity available for each process by dividing 
each remaining capacity value by a corresponding capacity consumption factor for a 
^ corresponding process. 

V = 

03 [0008] A second aspect of the invention is directed to a method of determining fabricator 
p capacity for a wafer start loading, the method comprising the steps of: organizing 

W each technology the fabricator can produce into a component technology-based 

process and related design-based processes; determining a capacity consumption 
factor for each tool set by process; determining a capacity consumption for each tool 
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FU set by process for the wafer start loading; decreasing a remaining capacity value of 

j*t each tool set by at least one corresponding capacity consumption; and determining 

nj tool set capacity remaining by each process for the wafer start loading by dividing the 

remaining capacity value for each tool set by a corresponding capacity consumption 

factor. 

[0009] A third aspect of the invention is directed to a system for determining fabricator 
capacity for a wafer start loading, the system comprising: a common tool set capacity 
analyzer for determining the capacity of the fabricator based on at least one common 
shared tool set; a technology capacity analyzer for determining the capacity of the 
fabricator based on at least one technology unique tool set; and a key shared tool set 
capacity analyzer for determining the capacity of a key shared tool set. 



[0010] 



A fourth aspect is directed to a computer program product comprising a computer 
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useable medium having computer readable program code embodied therein for 
reporting on performance of a plurality of parameters, the program product 
comprising: a) program code configured to determine a common tool set capacity by 
dividing wafer starts that use common non-key shared tool sets by an overall capacity 
parameter, wherein the overall capacity parameter is based on a strategic 
characteristic wafer start loading; b) program code configured to determine a 
technology capacity by dividing the wafer starts of each technology within the wafer 
start loading by a corresponding unique tool set capacity for the respective 
technology; and c) program code configured to determine key shared tool set capacity 
including: i) program code configured to determine a capacity consumption factor for 
each key shared tool set used by a process that is required by the wafer start loading; 

ii) program code configured to determine a capacity consumption of each key shared 
tool set used by the process; iii) program code configured to decrease a remaining 

% capacity value for each key shared tool set used by the process by a corresponding 

01 capacity consumption; iv) program code configured to execute program code i), ii) and 

CO 

iii) for each process required by the wafer start loading; and v) program code 

r: configured to determine the amount of wafer start capacity available for each process 

W 

Sj by dividing each remaining capacity value by a corresponding capacity consumption 
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factor for a corresponding process. 



jU [001 1] A fifth aspect of the invention is directed to a system for determining fabricator 
j*% capacity for a wafer start loading, the system comprising: means for determining a 

ft! common tool set capacity of the fabricator based on at least one common shared tool 

set; means for determining a technology capacity of the fabricator based on at least 
one technology unique tool set; and means for determining the capacity of at least 
one key shared tool set based on processes required by the wafer start loading. 

[001 2] The foregoing and other features of the invention will be apparent from the 
following more particular description of embodiments of the invention. 

Brief Description of the Drawings 

[0013] The embodiments of this invention will be described in detail, with reference to 
the following figures, wherein like designations denote like elements, and wherein: 
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[001 4] FIG. 1 shows a block diagram of a capacity analysis system; 

[001 5] FIGS. 2-3 show a flow diagram of a method used by the system of FIG. 1 ; 

[001 6] FIG. 4 shows a graph illustrating technology specific results; and 

[001 7] FIG. 5 shows a graph illustrating key shared tool set results. 

Detailed Description of the Invention 

[001 8] For convenience only, the description includes the following subtitles: 

[0019] I. Overview 

[0020] II. Common Tool Set Capacity Analysis 

[002 1 ] III. Technology Capacity Analysis 

[0022] IV. Key Shared Tool Set Analysis 

[0023] I. Overview 



[0024] The invention simplifies fabricator capacity analysis by approximating the capacity 
of the fabricator The approximation is conducted by evaluating three factors: common 
tool set capacity, specific technology capacity, and key shared tool set capacity. The 
W common tool set capacity factor looks at the capacity of common, but non-key shared 

Mi 

p tool sets. Specific technology capacity considers the limiting unique tool set/process 

^ for each technology. Key shared tool set capacity is limited by pinchpoint, gating or 

key tool sets shared by many or all technologies. Collectively, these three factors 
approximate all aspects of the overall fabricator's capacity in a relatively simple 
fashion. For definitional purposes, a "wafer start loading," unless otherwise described, 
is a desired loading into a fabricator to be analyzed. The wafer start loading includes 
some number of desired wafer starts. 

[0025] With reference to the accompanying drawings, FIG. 1 is a block diagram of a 

capacity analysis system 1 0 in accordance with the invention. Capacity analysis system 
10 includes a memory 12, a central processing unit (CPU) 14, input/output devices 
(I/O) 16 and a bus 1 8. A database 20 may also be provided for storage of data relative 
to processing tasks. Memory 12 preferably includes a program product 22 that, when 
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executed by CPU 14, comprises various functional capabilities described in further 
detail below. Memory 12 (and database 20) may comprise any known type of data 
storage system and/or transmission media, including magnetic media, optical media, 
random access memory (RAM), read only memory (ROM), a data object, etc. Moreover, 
memory 12 (and database 20) may reside at a single physical location comprising one 
or more types of data storage, or be distributed across a plurality of physical systems. 
CPU 14 may likewise comprise a single processing unit, or a plurality of processing 
units distributed across one or more locations. A server computer typically comprises 
an advanced mid-range multiprocessor-based server, such as the RS6000 from IBM, 
utilizing standard operating system software, which is designed to drive the operation 
of the particular hardware and which is compatible with other system components and 
I/O controllers. I/O 16 may comprise any known type of input/output device including 
a network system, modem, keyboard, mouse, scanner, voice recognition system, CRT, 
printer, disc drives, etc. Additional components, such as cache memory, 
communication systems, system software, etc., may also be incorporated into system 
10. 

[0026] As shown in FIG. 1, program product 22 may include a common tool set capacity 
analyzer 24, a technology capacity analyzer 26, a shared tool set analyzer 28 and 
other system components 30. The operation, logic and processes of the invention are 
TU described in the sections that follow. 

Mi 

H 

jly [0027] In the following description, it should be recognized that the analysis is carried 

out and predetermined values set based on a set time period. For instance, analysis is 
carried out by desired wafer starts, which occur over a set time period of, for instance, 
one month. Hence, all predetermined values and calculated values would be based on 
that one month period. The actual set time period may vary. 

[0028] II. Common Tool Set Capacity Analysis 
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[0029] 



Referring to FIGS. 2-3, in a first step SI , a common tool set (CTS) capacity is 
determined by common tool set capacity analyzer 24 (FIG. 1) based on a ratio of an 
M CTS wafer starts" in a wafer start loading to an "overall capacity parameter." The "CTS 
wafer starts" include starts of all technologies that use common non-key shared tool 
sets. Exemplary common non-key shared tool sets include wets, strip tools, furnaces 
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polishes, brush cleaners. The "overall capacity parameter" is based on the capacity of 
common, non-key shared tool sets. In one embodiment, the overall capacity 
parameter is determined by a capacity of a strategic characteristic wafer start loading. 
The strategic characteristic wafer start loading is a loading that is analyzed, perhaps 
one or twice a year, to determine capacity with a particular technology mix. 
Accordingly, this factor simply prevents wafer starts greater than a maximum for 
common, non-key shared tool sets. An exemplary calculation would be for a wafer 
start loading of 1 000 wafer starts for a 3 month period that use common tool sets 
compared to a 1200 wafer start overall capacity parameter for that same period. The 
CTS capacity would be 83%, which shows available capacity. 

[0030] III. Technology Capacity Analysis 

[0031] Within a wafer start loading, a number of varying technologies that are each 

defined by a front-end-of-line process may exist. For instance, continuing with the 
above example of a 1 000 wafer start loading, 500 wafer starts may be of CMOS- 



yj Aluminum technology, 250 of CMOS- Copper technology, and 250 of Silicon- 

S T 1 Germanium technology. Each technology has at least one 'unique tool set 1 that it must 

access to complete processing. For instance, sputter deposition is a unique tool set 
&\ necessary for CMOS-Copper technology. 

ft! [0032] In steps S2, technology capacity analyzer 26 (FIG. 1) determines capacity for each 
« technology by dividing the number of wafer starts for each technology within a wafer 

W start loading by a corresponding unique tool set (UTS) capacity. The UTS capacity is 

determined for each technology based on the capacity of that technology's unique tool 
set(s). In one embodiment, this factor is input into analyzer 26 based on a more 
complex analysis. The more complex analysis may include, for instance, calculating 
each individual technology's UTS capacity for a set time period (e.g., 2 months) by 
incrementing a wafer start load on corresponding unique tool set(s) until the capacity 
of one of the unique tool set(s) is consumed. The value so determined is the UTS 
capacity for that technology, and the unique tool set that is over-used is the 'limiting 
unique tool set' for the technology. This factor prevents wafer starts of a specific 
technology from exceeding the technology's capacity even if the fabricator is not full. 

[0033] Referring to FIG. 4, a graph showing capacity by technology is shown. In the 
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graph, the maximum capacity for each technology with no other fabricator loading is 
shown in black, the number of wafers in each technology for the wafer start is in 
white, and the amount of remaining capacity for each technology is in gray. As 
illustrated, oftentimes one or more technologies are over their limit(s). If this is the 
case, actions can sometimes be taken in the short term to improve these capacities. If 
capacity improvements are not possible, and if there is a safety factor (or contingency) 
and sufficient raw capacity, the process can operate at a lower safety factor. If this is 
not possible, then the wafer starts for that specific technology must be reduced. 

[0034] IV. Key Shared Tool Set Capacity Analysis 

[0035] With continuing reference to FIGS. 2-3, key shared tool set (KSTS) capacity is 

determined, at step S3, by shared tool set analyzer 28 (FIG. 1). KSTS capacity is limited 
by tool sets shared by many or all technologies. These tool sets may also be referred 
to as pinchpoint or gating tool sets. Lithography, etch, implant and other major 
shared tool sets belong to this group. This factor makes the fabricator capacity 
analysis technology-mix sensitive by preventing wafer starts from different 
technologies from exceeding the capacities of the KSTSs. 

[0036] A "capacity value" for a KSTS represents the maximum capacity over a set time 

period. A capacity value for each KSTS is calculated by the number of tools multiplied 
by the "KSTS weighted average throughput." The KSTS weighted average throughput is 
the average rate at which a tool of a KSTS operates times the number of tools within a 
KSTS. In some instances, there are various types of tools with different wafer 
throughput capabilities within a tool set. In this case, the average throughput 
capability is determined, or the number of tools are prorated appropriately. The KSTS 
weighted average throughput also varies with technology and is based on a weighted 
average of technologies. For example, a KSTS may include ten machines that operate 
at a weighted average throughput of 1 0 parts per hour based on tools of differing 
speed and different speed technologies. This would result in a KSTS weighted average 
throughput of 1 00 parts per hour. 



[0037] 



A. Organization 



[0038] 



In order to simplify analysis of this factor, organization and simplification of 
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processes within a fabricator is provided in step S3A. Simplification can be conducted 
by analyzer 28 (FIG. 1) or manually input into analyzer 28. Simplification is provided 
by breaking a wafer start loading's technologies into two components: front-end-of- 
line (FEOL) and back-end-of-line (BEOL) processes. A FEOL process is considered as 
one entity, and a BEOL process as another. A FEOL process is defined by the 
technology, i.e., it is technology-based. Example FEOL processes include CMOS- 
Aluminum, CMOS-Copper, SiC-based processes, etc. In contrast, a BEOL process is 
defined by design issues such as the number of levels of metals, type, and difficulty, 
i.e., it is design-based. For example, a n 3LMAN" process stands for the three level 
metal, aluminum, non-critical BEOL process; "ZLMAN-UCC" for seven level metal, 
aluminum, ultra-critical copper BEOL process; etc. 

[0039] Each FEOL process is associated with BEOL processes, and vice versa. For example, 
for convenience, three BEOL processes can be associated with each FEOL process. If 
there are more than three BEOL options within a technology, then typically the three 
£0 most common processes are chosen unless some less common options are more 

i t i 

p demanding. In this situation, more demanding and consuming options could be 

9i chosen to ensure the capacity demands are adequately reflected. A BEOL process can 

3 be associated with any number of FEOL processes. 

|j [0040] B. Analysis 

Q [0041] Steps S3B-D represent a point in the process in which a particular wafer start 

mi 

tbr loading is analyzed. Accordingly, once processes have been simplified (step S3A), this 

step may be omitted from the analysis. 

[0042] In step S3B, a capacity consumption factor (CCF) for each KSTS used by at least 

one process, i.e., FEOL or BEOL process, is determined. CCF is defined as the capacity 
of a KSTS consumed by one wafer start of a particular process. In other words, CCF 
characterizes the capacity of a KSTS for each FEOL or BEOL process by indicating how 
much capacity a technology consumes of a KSTS for a single wafer start. Hence, CCF 
varies with tool set and corresponding FEOL or BEOL process. The equation for the 
capacity consumption factor is: 

[0043] 

CCF = number of passes x safety factor x (KSTS weighted average throughput / 
AppJD=09683837 Page 8 of 25 
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process throughput) 
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[0044] The "number of passes" is the number of times a wafer start will be processed 
through a KSTS for a given process. For instance, for a particular process, a specific 
KSTS may be used ten times, while for another process, it maybe used only once. 
"Safety factor" is a factor such as 1 .2 for 20% contingency. The KSTS weighted average 
throughput is as described above. Despite a tool's normal speed, each process takes a 
different amount of time with each tool and, hence, effects overall throughput. This is 
factored into the CCF by dividing the KSTS weighted average throughput by the 
"process throughput." The process throughput is the rate at which wafer starts for a 
given process are processed through a tool set in, for example, parts per hour. As an 
example, one process may limit throughput to 4 parts per hour on a given KSTS, while 
another process may allow full speed at 6 parts per hour on the same tool set. 

[0045] An example for determining CCF is as follows: For a given wafer start loading, 

processes FEOL1 , BEOL1 , BEOL2, BEOL3 may be required. Focusing on just FEOL1 , this 
process may use KSTS1 and KSTS2 and may pass through KSTS1 ten times versus only 
two passes for KSTS2. Focusing on just KSTS1, this tool set may include five machines 
that operate on average at 1 0 parts per hour. The process throughput for FEOL1 may, 
however, limit throughput to 8 parts per hour. Assuming a safety factor of 1 .2, the 
CCF for KSTS1 -FEOL1 would be 1 0 passes x 1 .2 x 1 0 pph/8pph = 1 5. CCFs for 
KSTS1-BEOL1-3, KSTS2-FEOL1 and KSTS2- BEOL1-3 would similarly be calculated. 



^ [0046] 



The CCF determination can be made for every KSTS-process pair at the outset or it 
can be determined as each process of a wafer start loading is otherwise analyzed. FIG. 
2 illustrates the latter situation in that step S3B occurs for a single process of the 
wafer start loading, subsequent processing (steps S3C and S3D) occurs and the 
process repeats for other processes. In this case, a CCF determination is made only 
for those KSTSs used by a process that is required by the particular wafer start loading 
in question. Alternatively, step S3B may include a CCF determination for every process 
of the fabricator. In this case, only subsequent processing (steps S3C and S3D) repeats 
and CCF values are simply imported as necessary. In either of the above-described 
scenarios, because each KSTS and process pairing may result in another CCF, a matrix 
that matches FEOL and BEOL processes and corresponding KSTSs used with 
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corresponding CCFs can be created. This matrix may also be advantageous in 
matching processes to required KSTS, as will be described below. 

[0047] In step S3C, a capacity consumption of each key shared tool set used by a process 
of the wafer start loading is determined by shared tool set analyzer 28 (FIG. 1). The 
analysis is process- based. The determination is made by multiplying the appropriate 
CCF for the KSTS(s) (based on respective-FEOL/BEOL process) by the number of wafer 
starts that will use the respective KSTS(s). For example, using the above CCF example, 
for a wafer start loading of 1 000 wafers, 50 of the wafer starts may use the FEOL1 
process which requires KSTS1 . The capacity consumption for KSTS1 for FEOL1 would 
be 750, i.e., CCF for KSTS1 -FEOL1 of 1 5 times 50 wafers. Other KSTSs may also be 
used by FEOL1 and their capacity consumption. 

[0048] Next, at step S3D, a remaining capacity value for each key shared tool set used by 
~ the process of the wafer start loading is decreased by a corresponding capacity 

ff 1 consumption determined in step S3C by analyzer 28 (FIG. 1). The remaining capacity 

03 

yj value is initially equal to the capacity value. For instance, KSTS1 may have a capacity 



3 



value of 10,000 wafers. The capacity remaining value, based on the above capacity 
consumption for FEOL1 , would be 1 0,000 - 750 = 9,250. Other KSTSs used by the 
particular process would similarly have their remaining capacity value decreased 



0^ appropriately. 

FU 

p [0049] In step S3E, analyzer 28 repeats steps S3C and S3D for each process required by 
^ the wafer start loading if a CCF determination for every process of the fabricator is 

made. Otherwise, steps S3B, S3C and S3D are repeated for each process of the wafer 
start loading. As a result, the remaining capacity value for each KSTS for all processes, 
i.e., FEOL and BEOL processes, used in a wafer start loading is/are appropriately 
decreased. For instance, other processes may also use KSTS1 , and their capacity 
consumption would also be calculated and removed from the remaining capacity value 
for KSTS1. A determination of which processes, i.e., FEOL and BEOL processes, will be 
used for a wafer start loading may be ascertained quickly by reference to the above 
described matrix. If a KSTS becomes over utilized, its remaining capacity value will 
become negative. 



[0050] 



After the last process of a wafer start loading is analyzed, at step S3F, a 
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determination of the amount of wafer start capacity available for each process is 
made. In one embodiment, this determination is made by dividing each remaining 
capacity value by a corresponding CCF for a corresponding process. The result 
indicates the number of wafer starts of a particular process that can be started 
without overloading the KSTS. The result is KSTS-process specific. For instance, if we 
want to know the capacity for wafer starts that use FEOL1 , we would divide the 
remaining capacity value for each KSTS used by FEOL1 by their corresponding CCF. In 
the above example, KSTS1 has a remaining capacity value of 9,250. This value divided 
by the KSTS1 -FEOL1 CCF of 1 5 leads to 61 6 wafer starts. Accordingly, the fabricator 
can withstand 616 wafer starts that use the FEOL1 process. Of course, if a remaining 
capacity value for a KSTS is negative, no capacity remains and the calculation of step 
S3F can be ignored or omitted. The minimum value is the opportunity or amount over 
capacity for that process. A graph substantially similar to that shown in FIG. 4 can be 
created to illustrate available capacity. In that case, the different processes rather than 
technology would be listed. 

[0051] Referring to FIG. 5, a graph illustrating the ratio of a KSTS's remaining capacity 

W value to its original capacity value is shown. This is referred to as the KSTS's 

g utilization. If this value is greater than 1 0096 the tool set is over-utilized. FIG. 5 also 

^; includes a table showing available tools and tool shortages for each KSTS. 

M 

[0052] With any wafer loading that pushes the capacity of the fabricator, there will be 
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[0053] 



over- utilized KSTSs. Sometimes actions can be taken to improve the capacity of a tool 
set in the short term, or the load can be diverted to another tool set; or, if there is a 
safety factor/contingency built into the analysis, the tool set can operate at a lower 
safety margin. If none of these options are feasible, than the wafer load must be 
reduced. 

In an alternative embodiment of the invention, key shared tool set capacity 
analysis may be conducted alone. In this case, the method would include the steps of: 
organizing each technology the fabricator can produce into a component technology- 
based process and related design-based processes; determining a capacity 
consumption factor for each tool set by process; determining a capacity consumption 
for each tool set by process for the wafer start loading; decreasing a remaining 
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capacity value of each tool set by at least one corresponding capacity consumption; 
and determining tool set capacity remaining by each process for the wafer start 
loading by dividing the remaining capacity value for each tool set by a corresponding 
capacity consumption factor. 

[0054] The above-described invention simplifies fabricator capacity analysis such that 
quick decision making is possible. More in-depth analysis can be carried out on 
situations that have positive results from the invention. 

[0055] In the previous discussion, it will be understood that the method steps discussed 
preferably are performed by a processor, such as CPU 14 of system 10, executing 
instructions of program product 22 stored in memory. It is understood that the 
various devices, modules, mechanisms and systems described herein may be realized 
in hardware, software, or a combination of hardware and software, and may be 
compartmentalized other than as shown. They may be implemented by any type of 
computer system or other apparatus adapted for carrying out the methods described 
herein. A typical combination of hardware and software could be a general-purpose 
computer system with a computer program that, when loaded and executed, controls 
the computer system such that it carries out the methods described herein. 
Alternatively, a specific use computer, containing specialized hardware for carrying 
out one or more of the functional tasks of the invention could be utilized. The present 
invention can also be embedded in a computer program product, which comprises all 
the features enabling the implementation of the methods and functions described 
herein, and which - when loaded in a computer system - is able to carry out these 
methods and functions. Computer program, software program, program, program 
product, or software, in the present context mean any expression, in any language, 
code or notation, of a set of instructions intended to cause a system having an 
information processing capability to perform a particular function either directly or 
after the following: (a) conversion to another language, code or notation; and/or (b) 
reproduction in a different material form. 

[0056] 

While this invention has been described in conjunction with the specific 
embodiments outlined above, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, the embodiments of 
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the invention as set forth above are intended to be illustrative, not limiting. Various 
changes may be made without departing from the spirit and scope of the invention as 
defined in the following claims. 
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